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Abstract 
Nowadays, ceramic membrane developed from wastes has gained attention, especially towards 
water separation applications. With abundant and high silica content of fly ash, low cost ceramic 
membrane was successfully prepared via phase inversion and sintering technique. Prior to both 
phase inversion and sintering process, ceramic suspension was prepared at different loadings, 
ranging from 40wt% to 50 wt% fly ash and subsequently sintered at temperature ranging from 1150°C 
to 1350°C. By varying fly ash content and sintering temperature, the morphology, mechanical 
strength and phase transformation characteristics of the prepared membrane were affected. The 
characterisation of prepared membrane were investigated by using scanning electron microscopy, 
three-point bending test, and X-ray diffraction (XRD). The mechanical strength of the membrane 
increased with increasing fly ash loading (up to 45 %), however too much fly ash loading resulted in 
decrease of its mechanical strength probably due the presence of unburnt at higher fly ash contents. 
This unburnt carbon contributed to the vacant space during sintering process and had the tendency 
to increase formation of pores, simultaneously reduced its mechanical strength. In addition, the SEM 
results also illustrated a cross-sectional image of the membrane which had become more elastic with 
increasing fly ash loading and denser as sintering temperature gradually increased. In addition, 
increasing the fly ash loading likely discouraged the formation of desired finger-like structure. The 
XRD results however showed continuous presence of mullite with the increasing sintering 
temperature which contributed higher mechanical strength. The preliminary performance tests 
indicated that the optimum conditions to produce hollow fibre ceramic membrane from fly ash were 
at 45 wt % fly ash loading sintered at 1350°C and has a pure water flux of 131 L/m2h.  
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INTRODUCTION 
Development of ceramic membrane in water filtration technology 
has gained a lot of attention from both science community and research 
realm on waste water treatment. This is due to numerous excellent 
properties possessed by ceramic membranes, such as high mechanical 
strength and the ability to perform in harsh condition; and it is deemed 
to be more productive compared to commercialised polymer 
membrane. However, ceramic membrane has an economical drawback 
given its higher cost, specifically ceramic material sources (alumina, 
titania and zirconia). Nowadays, there are ample literatures reported on 
the development of low cost ceramic membrane, using inexpensive 
material towards water separation application, few being rice husk ash 
(Hubadillah et al.,  2017), kaolin  (Harun et al., 2014; Hubadillah et al.,
2017), bauxite (Wang et al., 2015) and fly ash (Dong et al., 2008).  
Fly ash is a waste in a form of greyish fine powder, is abrasive and 
have alkaline characteristics (Yao et al., 2015) . It can be attained 
through various mediums: 1) combustion of incinerator, 2) municipal 
solid waste treatment and 3) electric power plant, via combustion and 
pulverised coal within processing (Vassilev et al., 2004). Coals that had 
been grinded or pulverised were used as a source of combustion in the 
boiler’s chamber, which then produce coarse ash particles known as 
bottom ash, fallen to the bottom of the combustion chamber. As for fly 
ash, a lighter fine ash, it is either trapped or collected by particulate 
emission control devices, such as electrostatic precipitators or filter 
fabric bag houses, before it is  released out to ambient air  to avoid any 
air pollution (Brigden & Santillo, 2002). Despite so, improper 
management of the  abundant fly ash waste can cause water pollution 
(Zhipeng et al., 2015; Jiang et al., 2007). Fly ash is one of the 
alternatives that has potential to be used as a base material for ceramic 
material, due to the presence of high silica content. Thus, it has been 
widely utilised in various applications such as in construction, an 
adsorbent for removal of organic compounds, heavy metals, dyes and 
zeolite synthesis. This adds high value to fly ash, especially with its 
contribution in reducing environmental pollution (Ahmaruzzaman, 
2010). In suit, this present study proposes fabrication of hollow fibre 
ceramic membrane with lower cost, with reference to fly ash material.  
Fabrication of ceramic membrane using fly ash via heat treatment 
method allows vitrification process for glass formation to avoid any 
leaching of toxicity of fly ash where all metals and radioactive 
substances are embedded in a metal matrix. Vitrification is a 
technological treatment upon hazardous materials including fly ash, 
spent catalyst, radioactive waste, spent batteries, and electroplating 
sludge to avoid any leaching toxicity. Report that, the process 
contributes to three major advantages.  First, it can immobilize heavy 
metals and transform hazardous metals into stabilised slag. Second, its 
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higher temperature will decompose and burn off the organic toxics such 
as PCDD/Fs, PBDE or PAHs. Third, it accumulates all useful metals in 
the products as recoverable forms. Lastly, the verification glass can be 
used safely in various applications (Carabin & Gagnon, 2007; Kuo et 
al., 2012; Maken et al., 2005; Tian et al., 2012). 
Other than that, higher amount of Si and Al elements are present 
in fly ash, a vital characteristic in producing ceramic membrane 
(Haiying et al., 2010; Nordin et al., 2016; Zhang et al., 2016). 
Importantly, these elements can generate formation of glass ceramic 
system, specifically when the membrane is sintered at higher 
temperature (mullite, anorthite and cordierite), which then contributed 
to higher resistance of chemical and thermal reactivity with good 
mechanical strength (Dong et al., 2011; Liu et al., 2016; Wei et al.,
2016). Prior to this, there were also studies on the fabrication of fly ash 
membrane employing  slip casting method (Fang et al., 2013, Jedidi et 
al., 2009)), cylindrical pellets (Liu et al., 2016), pressing method 
(Suresh et al., 2016) and few others.  
The present study aimed to fabricate fly ash hollow fibre 
membrane using phase inversion technique as to our knowledge it has 
never been carried out before. Phase inversion technique is chosen not 
only for its simplicity and versatility, but also the capability to produce 
porous membrane with desired morphology once phase inversion had 
occurred (van Rijn & Nijdam, 2004). In one single step, various 
morphology of membranes can be made to be either porous or dense, 
only in below or upper layer, or even both. The effects of fly ash content 
and sintering temperature will be investigated and characterised in 
terms of morphology, mechanical strength and phase transformation by 
using scanning electron microscopy, 3-point bending test and X-ray 
diffraction (XRD). 
Table 1 Preparation of fly ash suspension in different loadings. 
EXPERIMENTAL 
Materials 
Fly ash was collected from Kapar Energy Ventures Stesen 
Janaelektrik Sultan Salahuddin Abdul Aziz, Selangor Darul Ehsan, to 
which later sieved to below 36µm. In order to make sure the ceramic 
particles in the suspension are well dispersed and have completed phase 
inversion during spinning process, polyethersulfone (PESf) (Radel 
A300, Ameco Performance, USA) was used as a polymer binder, while 
Arlacel P135 (Polyethyleneglycol 30 Dipolyhydroxystrearate, 
CRODA) as a dispersant agent, inclusive N-methylpyrrolidone (NMP, 
QRëC™) – all combined to make a solvent for the ceramic suspension.  
Preparation of ceramic suspension 
In this research, the ceramic suspension for fabrication of hollow 
fibre ceramic membrane was prepared in four different loadings, which 
were 40%, 45%, 47.5% and 50%, as shown in Table 1. Initially, PESf 
was at first dried for 30 minutes to eliminate humidity, whereas Arlacel 
P135 gel was melted in an oven at 60 °C for a day. Arlacel P135 was 
stirred in NMP until dissolved, and fly ash powder and PESf were then 
added to the solution. For this study, the ratio of ceramic particle to 
polymer binder was fixed at 8:1 (fly ash:PESf), as presented in Table 1. 
Next, the suspensions were milled for 5 days in an alumina jar with four 
agate mill balls of 10 mm in size and one 20 mm agate mill ball. The 
planetary ball mill (Model: NQM-2, Magna) was set at constant rate of 
182 rpm to ensure ceramic particles, solvent, and additives were well-
mixed. Though prior to the spinning process, the ceramic suspension 
was degassed under vacuum for about one hour, or until no air bubbles 
was seen in the suspension.  
Fabrication of ceramic membrane 
The spinning process was executed by extruding ceramic 
suspension through a single tube orifice spinneret.  The hollow fibre 
precursors were spun in spinneret set up through a tube in orifice, 
whereby its outer/inner diameter is at 2.4/1.2 mm.  It was loaded into 
coagulant bath at extrusion rates of 8mL/min, bore fluid rate at 
10mL/min, with an air gap between spinneret and coagulant bath kept 
at 5 cm. The fabricated hollow fibre precursors were immersed in water 
bath for at least 24 hours. Then, they were dried at room temperature. 
After fly ash membrane was successfully fabricated in different 
loadings, it was then sintered at different temperature points (1150°C, 
1250°C and 1350°C) inside a tubular furnace (XY-1700). The 
membranes were finally ready for characterisations. 
CHARACTERISATION 
Chemical composition analysis 
X-ray fluorescence test was carried out to determine the presence 
of elements in raw material fly ash that may contribute to the formation 
of crystallization and mullitization throughout sintering process at high 
temperature. As for the 100g fly ash powder with particle size < 36 µm, 
it was tested with an XRF spectrometer (XRF-1800, Shimadzu 
Corporation, Japan). 
Viscosity 
Viscosity of the suspended solution at different fly ash loadings 
was recorded immediately prior to the spinning process by using 
Brookfield DV II + Pro Viscometer (model LVDV-II + P) at shear rate 
55s-1 at room temperature.  
Scanning electron microscope analyses  
Membrane morphologies are a crucial factor that affect 
membrane’s performance. Thus why SEM testing on the membrane 
surface morphologies was conducted. SEM micrographs of both cross-
sections of the hollow fibre membranes were taken at varying 
magnifications. Samples for cross – sectional SEM were prepared by 
cutting the hollow fibre at ambient temperature without any pre-
treatment, but it was necessary to confirm that the sample had a clean 
cut of its cross-sectional fracture. The samples were then placed on the 
metal holder, before being sputter-coated with gold under vacuum for 
3 min. 
X-ray diffraction 
XRD analysis was conducted to recognise the phase 
transformation behaviour of the membrane after being sintered. The 
recognition phase is vital because it can prove both physical and 
mechanical properties. 45% fly ash loading of hollow fibre ceramic 
membrane at three different sintered temperatures was finely grinded 
using mortar and pestle into fine particle, then investigated with XRD 
instrument at 2θ values within the range of 1°– 80°. The instrument was 
operated at 0.05°/s scanning rate, 40 kV, 40 mA and Cu Kα (λ= 
0.154506 nm) radiation. In the end, the XRD result showed a formation 
of amorphous and crystalline phases that was present in 45% fly ash 
hollow ceramic membrane, sintered at different sintering temperatures 
(1150 °C, 1250°C and 1350 °C). 
Three point bending 
The importance of three-point bending test is to determine the 
mechanical strength of fly ash hollow ceramic membrane. The 
measurement was taken by Instron Model 5544 that provided a load cell 
for 1kN. The test was carried out by putting the hollow fly ash sample 
onto the sample holder of 43 mm in length. For the bending strength, 
σF was calculated according to the following equation. Both outer and 
inner diameters were measured with a caliper: 
.σF =
8FLDo
π(Do
4-Di
4)
σF = 8.F.L.Do/π(Do
4-Di
4)                                           (1) 
where F indicates the maximum load required for fracture to occur (N), 
L as the length of hollow fibre (HF) membrane (mm), Do as the outer 
F.A loading 40% 45% 47.5% 50% 
Fly ash 40g 45g 47.5g 50g 
NMP 54g 48.4g 45.6g 42.8g 
PESf 5g 5.6g 5.9g 6.25g 
Arlacel 1g 1g 1g 1g 
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diameter of hollow fibre (HF) membrane (mm) and Di as the inner 
diameter of HF membrane (mm). 
Water flux 
Permeation performance was measured from the pure water flux 
by filtering deionised water through the membrane until a stable 
permeate flux was obtained. The water flux was calculated by using: 
Lp = Q/A.t.P      
where Lp is indicated as the water’s permeability (L/h.m2.bar), Q as the 
volume of water permeated through membrane (L), A as the 
membrane’s surface area (m2), t as the sampling time (h) and P as the 
transmembrane pressure (bar).  
RESULTS AND DISCUSSION 
Fly ash composition 
Table 2 shows the chemical composition of the fly ash. Based on 
the table, the fly ash was majorly consisted of alumina and silica, 
whereas the other impurities were MgO, CaO, Fe2O3 and TiO2.The 
produced chemical properties of fly ash are generally depending on the 
type of coal burnt and techniques used in handling and their storage 
(Bartoňová, 2015). This is the reason why fly ash was difficult to 
identify its general characteristic, mostly due to the different types of 
classes, the presence of chemical substances and different combustion 
process that produces fly ash. Even if it is difficult to make general 
statements regarding the properties of fly ashes, ASTM international 
2015 has classified fly ash into two classes which are class F and C, 
based on the presence of chemical substances in fly ash (Myadraboina 
et al.,2017). As fly ash has higher of silica content, it is classified to be 
in Class F, meanwhile, the one with higher of calcium content will be 
in Class C. Physical, mineralogical and chemical properties of fly ash 
will strongly affect its performance. From the XRF result, since it was 
discovered to have 77% silica content, it was decided that the fly ash 
material in the present study to be in Class F. 
Table 2 Chemical composition in fly ash. 
Element SiO2 Al2O3 CaO MgO Fe2O3 TiO2 
77% 16% 1.6% 0.48% 3.6% 0.91% 
Viscosity of fly ash dope suspension 
Figure 1 presents the viscosity of four fly ash loadings for 
fabrication of hollow fibre ceramic membrane at shear rate of 55s-1. Fly 
ash contains unburnt carbon and requires pre-treatment to remove them  
to minimum level (Maroto-Valer et al., 2005; Uçurum et al., 2011). 
Indirectly, with the increase of fly ash loading, it contributes to the 
increasing unburnt carbon content. Simultaneously increased the 
viscosity of ceramic suspended, these unburnt carbons trapping the 
oxide compound and contributing vacant space in the membrane when 
sintered at higher temperature, hence producing less dense membrane. 
Other than that, it is also indicated (Kingsbury & Li, 2009; Li et al.,
2015; Wang & Lai, 2012) that higher viscosity does not support phase 
inversion process between non-solvent and solvent. This is because 
when it is above the critical level of suspension viscosity, the finger-
like phenomenon is not observed and likely to form a sponge-like 
structure instead. Though it is also stated by  (Hubadillah et al., 2016) 
in their study that in higher ceramic loading, the finger like voids in 
morphology structure tend to be shorter and diminish. As in the present 
study, at 1150°C sintering temperature for 40%, 45% and 47.5% fly ash 
loading showed a porous structure with large macrovoids on the inner 
surface and sponge-like regions on the outer surface of hollow 
membranes. The differences between the cross section of 50% fly ash 
loading and the formation of spongy structure in the morphology, also 
known as symmetric morphology and porous membrane are described 
in Figure 2. Meanwhile, from the viscosity of 40% and 45% fly ash 
loading, the present study could suggest that the optimum viscosity for 
fly ash suspension in fabricating hollow fibre membrane with desired 
asymmetric structures was within the average of 142cp.  
Figure 1: Viscosity graph over 55 s-1 shear rate.
Morphology fly ash hollow fibre membrane 
Membrane morphology plays a significant role in the stability of 
the membrane. Figure 2 has shown the cross-section image of four 
different hollow fibre ceramic membrane loadings in different sintering 
temperature. Generally, phase inversion is a technique to produce 
asymmetrical structure with the finger-like and sponge-like regions on 
cross section of the membrane (Abdullah et al., 2016; Kingsbury & Li, 
2009). It is formed during the process of spinning, when the hollow 
fibre precursor is extruded vertically downwards into the coagulation 
bath. The exchanges of solvent and non-solvent occurred in ceramic 
membrane led to a change of the suspended ceramic membrane, from 
the state of thermodynamically stable to unstable. The unstable state 
creates an asymmetric morphology of the membrane. It changes from 
one phase solution into two phases, which are called a) ceramic rich 
phase, forming a solid matrix of the membrane and b) ceramic poor 
phase, forming membrane pores or macrovoids (Baker, 2012).  
However, most membranes in present study can achieve 
asymmetric morphology structure, besides the 50% fly ash loading at 
1150°C sintering temperature which just observed the presence of 
spongy region. Meanwhile, the morphology structure of 40% to 47.5% 
fly ash loading, is in the agreement with the study of (Hubadillah et al.,
2016) on the formation of asymmetric membrane (van Rijn & Nijdam, 
2004). At sintering temperature of 1150°C, the morphology structure 
was an accumulation of fly ash particle, still within the process of grain 
growth and not fully nucleated to each other. In fact, the form of the 
membrane is really porous. This suggests that the sintering temperature 
for fly ash hollow fibres should be higher than 1150°C; otherwise the 
accumulated fly ash grain would not be growing and in neck for 
coalescence, and thus the resultant hollow fibre would be too weak in 
mechanical strength, hardly to be handled. 
The growth of grain was found to be effectively suppressed in 
increasing temperature.  As we can observe from Figure 2, at sintering 
1250°C, the fly ash grains started to form a neck, increasing the size of 
pores from small finger-like voids to large macrovoids, surrounded by 
the growth grain, then forming sponge-like structure to the cross section 
of membrane morphology. Meanwhile, at sintering temperature of 
1350°C, the outer layer was not present during separation phase. All the 
grains were already coalescence to one another, therefore no pores can 
be formed. Meanwhile, the inner layer was present during the 
separation phase with its large macrovoids. Thus, it is proved that the 
phase inversion method can construct a good membrane with suitable 
macrovoids (Li, 2007). Aside from that, we can also indicate that, with 
the increased sintering temperature, the grain growth of particles tends 
to nucleate to each other and form compact surface such as the 
morphology for sintering temperature at 1350°C. The increased 
sintering temperature makes the morphology of membrane become 
denser, similar to another study on the stainless steel hollow fibre 
membrane by (Li et al., 2015). As discussed by (Benes et al., 2000) the 
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sintering temperature is set to obtain sufficient strength from the 
formation of necks without significant grain growth and shrinkage. 
Other than that, PESF binding agent also contributes to the formation 
of macrovoids when it is burnt off at higher sintering temperature 
(Abdullah et al., 2016).
Figure 2  Scanning electron microscopy  images of ceramic membrane prepared from fly ash. 
Crystal structure of fly ash hollow fibre 
Figure 3 depicts XRD patterns of four different samples of which 
one was 45% of non-sintered fly ash hollow fibre and the other four 
were 45% fly ash hollow fibre that were sintered at 1150°C, 1250°C 
and 1350°C. An observation on the peaks and trends from the XRD 
patterns convey during the major dominating phase, both mullite 
(2Al2O3.SiO2) and Dmisteinbergite, a hexagonal polymorph of 
anorthite are present (CaAl2Si2O8). Apart from these, antrigote 
(3MgO2.SiO2.2H2O) was also present in small quantities, while 
Pyrophyllite (Al2O3.4SiO2.H2O) was in higher intensity. The ceramic 
glass system such as mullite and Dmisteinbergite offered desired 
properties such as high mechanical strength and good chemical 
resistances for the production of fly ash ceramic membrane (Liu et al.,
2016). 
Figure 3 XRD graph for non-sintered fly ash hollow fibre ceramic 
membrane followed by sintered membrane at temperature 1150°C, 
1250°C, and 1350°C. 
Supported by the study of  Wang et al. (2014), MgO-Al2O3-SiO2
system coal fly ash glass-ceramics have an outstanding properties, few 
being an elevated thermal stability, good chemical resistances and very 
low thermal expansion coefficient (Nettleship, 1996). CaO-Al2O3 -
SiO2 system glass-ceramics contribute high mechanical strength, 
excellent dimensional stability, and abrasion, inclusive corrosion 
resistance. All these properties benefit fly ash to its capability to be used 
in high temperature or high thermal shock resistance. Based on the
comparison of XRD patterns of different sintering temperature, it
indicates an occurrence of continuous phase transformations during the 
sintering process. Correlated to the result of mechanical strength, the 
bending strength increased as the sintering temperature increased.  
Figure 4 The mechanical strength of different sintering temperature and 
different loadings. 
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Mechanical strength 
Figure 4 illustrates the mechanical strength of the prepared 
ceramic membrane based on fly ash at different loadings and different 
sintering temperatures. Such result is in agreement with (Hubadillah et 
al., 2016; Li et al., 2015) whereby higher sintering temperature 
contributed to higher mechanical strength. The results showed that 
when the membranes were fabricated with 40 wt%, 45 wt%, 47.5 wt% 
and 50 wt% fly ash loadings, the bending strength of the membrane 
were recorded at 28MPa, 31MPa, 18 MPa and 13 MPa at sintering 
temperature of 1150°C and 33MPa, 37MPa, 25 MPa and 17 MPa of 
1250°C respectively. Lastly, at sintering temperature of 1350°C, once 
again there was an increase of mechanical strength for each loading 
from 40% to 50%, which are at 118 Mpa, 128 Mpa, 67Mpa and 39 Mpa. 
This is mainly due to the formation of neck, given the increased 
sintering temperature will slowly eliminate the significant grain growth 
or shrinkage, thus contributes to the sufficient strength to the membrane 
(Carter & Norton, 2013). 
However, in view of the loading, the bending strength of fly ash 
ceramic membranes is a contradictory result when compared to other 
studies on ceramic membrane, to which it is generally known that when 
ceramic loading is increased, the mechanical strength should likewise 
increase (Hubadillah et al., 2016). This study instead discovered that 
the mechanical strength had increased as the fly ash loading increased 
from 40% to 45%, however decreased further at 47.5% and 50% fly ash 
loadings. It is presumable that this could be due to the presence of  
unburnt carbon (Bartoňová, 2015; Zhao et al., 2016).  With the increase 
of loading and unburnt carbon content of the fly ash, the latter of the 
two could contribute to the formation of vacant space to the membrane 
when sintered at higher temperature. It also appeared to be more porous 
for ceramic membrane with higher loading, in which inflicted from the 
high amount of unburnt carbon content. Besides that, from a previous 
study, the presence of unburnt carbon in  fly ash given benefit when it 
was used as a pore forming agent in fabricating porous membrane (Shao 
et al., 2009). (Zhang et al., 2015), studied the vitrified slag (VS) with 
the addition of 10, 20 and 30 wt.% Oil Shale Fly Ash (OSFA). The 
values of sintering shrinkage, density and compressive strength 
decreased with the increase of OSFA content, indicating that the 
increasing dosages of oil shale fly ash resulted in an increasing 
temperature of liquid phase formation, and thus hindered the 
densification of sintering body. Wei et al. (2016) also described that 
liquid glassy phase promotes the higher sinterability and resulted in 
formation of large pore diameter. Thus, it is really important for them 
to determine the optimum fly ash content to act as pore forming. This 
is because, aside from having to achieve the porous membrane, a good 
mechanical strength is also important for the quality of membrane. 
Similarly, with this present study, even the study does not use fly ash 
as a pore forming agent, but as a main ceramic material instead. 
Determining the optimum fly ash loading in fabricating hollow fibre 
ceramic membrane is really important, before the carbon in fly ash 
gives drawback to the fly ash membrane.  
 
Water Flux 
Since the 45% fly ash membrane gave a high result in regards to 
the bending strength, compared to other loadings in all sintering 
temperature, then the 45% fly ash membrane had arranged for the water 
flux performances.  Figure 5 demonstrates the result of water flux in 1 
bar pressure for applying the 45% fly ash loading, that had been sintered 
in different temperature. The result of water flux was different to the 
general conceptual of ceramic membrane, in which with increased 
sintering temperature, the water flux should be decreased. However, the 
result of present study was not in sequential pattern. At 1150°C, the 
45% fly ash hollow ceramic membrane performed with 478 L/m2.hr, 
followed by 1250°C with 51 L/m2.hr and 1350°C with 131 L/m2.hr. The 
non-sequential result can be related to the inner layer of cross section 
of SEM image in Figure 6, whereby the morphology structure of fly ash 
at 1250°C had higher resistance of water flux compared to 1150°C and 
1350°C, due to its block of grain and spongy structure. Meanwhile, for 
the fly ash membrane at sintering temperature of 1150°C, large 
macrovoids were in its morphology contributed to the increased of 
water flux. Same goes to 1350°C, even the outer layer of the 
morphology membrane at 1350°C was dense and compact, which only 
small pores to be observed. Though large macrovoids were still present 
on the inner, causing an increase of water flux.  
 
Figure 5  Water flux for 45% fly ash hollow ceramic membrane in different 
sintering temperature. 
 
As the high result from water flux permeation test, it is determined 
that the 45% loading for fly ash hollow ceramic membrane at 1350°C 
could be categorised as microfiltration membrane. From previous 
studies, microfiltration membrane is applicable to decolourisation of 
dye (Doke & Yadav, 2016; Jedidi et al., 2011) . (Qin et al., 2015) also 
used microfiltration of fly ash ceramic membrane for clarification of 
kiwi fruit juice, (Suresh et al., 2016) along microfiltration ceramic 
membrane for oil water emulsion treatment. Thus, the best ceramic 
hollow fibre membrane of 45% fly ash loading at 1350°C could be 
applied in treating of colloidal suspension.
  
 
 
Figure 6 The cross-section image of inner layer of 45% fly ash loading a temperature a) 1150°C b) 1250° and C) 1350°C. 
0
100
200
300
400
500
600
1150 1250 1350
L
/m
2
.h
r
Sintering Temperature
Water Flux for 45% fly ash loading
 Zulkifli et al. / Malaysian Journal of Fundamental and Applied Sciences Vol. 15, No. 3 (2019) 414-420  
 
419 
CONCLUSION 
 
In conclusion, by considering the loading of ceramic membrane, 
the best loading was at 45% fly ash hollow membrane, to which 
performed a high mechanical strength in each different sintering 
temperature of 1150°C, 1250°C, and 1350°C and performed very well 
in water flux result. It is to determine the optimum loading, because the 
presence of unburnt carbon in fly ash gives drawback to the fabricated 
fly ash membrane when sintered at high temperature by making a 
vacant space or forming pores on the membrane. However, from the 
three sintering temperature, at 1350°C, this degree can give a good 
result. Other than that, it is also suggested to treat the fly ash before 
utilising it in the ceramic membrane to burn off all the presence of 
carbon. 
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